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Comparative phytochemical analysis of wild and in vitro-derived greenhouse-grown tubers, in vitro shoots and callus-like basal tissues of
Harpagophytum procumbens was done. Dried samples were ground to fine powders and their total iridoid (colorimetric method), phenolic [Folin–
Ciocalteu (Folin C) method] and gallotannin (Rhodanine assay) contents as well as anti-inflammatory activity [cyclooxygenase assays (COX-1
and COX-2)] were determined. The tissue culture-derived tubers had the highest total iridoid content which was significantly higher than that of
the tubers collected from the wild and other tissue cultured materials evaluated. This suggests that cultivated plants can be a viable alternative
source of the active principle(s). The total phenolic and gallotannin contents of the wild tubers were significantly higher than the tissue culture-
derived tubers and other in vitro-derived plant materials. The presence of phenolic compounds including gallotannins in the tissue cultured
materials is of interest from a pharmacological point of view given the pharmacological role of phenolics. In general, extracts from wild tubers
demonstrated better inhibitory activities in both COX-1 and COX-2 assays when compared to the tissue culture-derived tubers. All the petroleum
ether (PE) and dichloromethane (DCM) extracts showed moderate (50–70%) to good (N70%) inhibitory activities whereas the ethanol (EtOH)
extracts showed poor or no inhibition in both assays. Based on previous reports indicating weak inhibition of COX-2 enzyme by harpagoside, the
inhibitory activities of both COX enzymes exhibited by PE and DCM extracts in the current study could be due to the presence of other
constituents in the extracts. This points towards the need to identify other active constituents and evaluate their role and mode of action in relation
to harpagoside — the main active principle.
© 2010 SAAB. Published by Elsevier B.V. All rights reserved.
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The past couple of decades magnified the role of in vitro
techniques in plant conservation efforts. This is largely due to the
rapid decline and threats to the world's biodiversity. Although
the protection and sustainable management of wild populations
and natural habitats can greatly improve species conservation,
the importance of ex situ cultivation is becoming a key elementAbbreviations: GAE, gallic acid equivalent; HE, harpagoside equivalent;
TC-CLT, tissue culture callus-like tissue; TC-S, tissue cultured shoots; TC-T,
tissue culture-derived tuber; W-T, wild tuber.
⁎ Corresponding author. Tel.: +27 33 2605130; fax: +27 33 2605897.
E-mail address: rcpgd@ukzn.ac.za (J. Van Staden).
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doi:10.1016/j.sajb.2010.09.009of modern day conservation strategies due to increasing
urbanization, population growth and industrialization (Pfab
and Scholes, 2004). In vitro techniques are very useful in
ensuring to ensure sustainable, optimized sources of plant-
derived natural products. However, ex situ cultivation should be
preceded by proper evaluation of the plants for their ability to
produce the required bioactive constituents before commencing
cultivation or introducing the technology to potential growers.
The ability of plants to produce certain bioactive substances is
largely influenced by the physical and chemical environments
in which they grow. Plants also produce certain chemicals to
overcome biotic and abiotic stresses (Kuzel et al., 2009). The
literature indicates that the majority of pharmacologically
important compounds of plant origin are products of defensets reserved.
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2009; Sudha and Ravishankar, 2002). This ability of plants to
respond to physical and/or chemical stimuli can be used for
elicitation of pharmacologically active substances by subjecting
an intact plant to stress factor(s) (Kuzel et al., 2009). Growing a
plant outside its natural environment under ideal conditions may
therefore, result in it being unable to produce the desired
bioactive substance, hence the need for prior evaluation.
Harpagophytum procumbens, commonly known as Devil's
Claw, is one of the most important medicinal plants native to
southern Africa. Its storage tubers are harvested, dried and sold by
an estimated 10–15 thousand plant gathererswho rely on the plant
as a primary source of income (Raimondo and Donaldson, 2002;
Strohbach and Cole, 2007). Devil's Claw has been used as part of
traditional medicine for centuries. Clinical trials indicated that
extracts of the tubers are active in the treatment of degenerative
rheumatoid arthritis, osteoarthritis, tendonitis, kidney inflamma-
tion and heart disease (Stewart and Cole, 2005). The presence of
important bioactive constituents inDevil's Claw contributed to its
popularity in the western market. In Germany, Devil's Claw
became the third most frequently used medicinal plant in 2001
with sales of ca. 30 million Euro and an overall industry growth of
113% between 1999 and 2000 with an additional 59% in 2000
and 2001 (Strohbach and Cole, 2007). Thereafter, 57 different
medicines derived from the plant were produced and licensed in
2003 by 46 different companies for the German pharmaceutical
market (Kathe et al., 2003).
Despite these encouraging economic benefits, research on
H. procumbens largely focused on its pharmacology and
regulatory harvesting. Research reports on the biology, mainly
propagation and ex situ cultivation, of the plant are limited. Low
germination rates of seeds and failure of cuttings to produce
primary roots result in only a single harvest from a plant; one of
the major limitations of conventional propagation (Kathe et al.,
2003). There are some reports on the micropropagation of the
plant (Bairu et al., 2009; Jain et al., 2009; Levieille and Wilson,
2002). These attempts however, need to be supplemented by
growing the plant ex situ, evaluating their ability to produce
tubers, as well as the occurrence of the bioactive constituents in
the tubers and comparing the results with their wild counterparts.
Levieille and Wilson (2002) succeeded in growing the plant in
the greenhouse and made comparative quantification of iridoids.
The pharmacological activity of H. procumbens is attributed to
the iridoid component of the extract (Levieille and Wilson,
2002).
The aim of this project was to evaluate the initial steps
towards domesticating this plant, namely optimizing the growth
requirements as well as assessing the biological activity and
phytochemical constituents in comparison to tubers collected
from the wild.
2. Materials and methods
2.1. Micropropagation and greenhouse tuber production
Micropropagated plantlets, based on the protocol described
by Bairu et al. (2009), were acclimatized ex vitro (the differentdevelopmental stages are presented in Fig. 1A–E). The original
plant materials used for the micropropagation were obtained
from southern Namibia. In vitro acclimatized and rooted
plantlets (Fig. 1A) were directly transferred to a greenhouse
in a potting mixture containing 1:1 ratio of sand and soil (15 cm
pots). Initial stages of acclimatization were achieved by a daily
light watering for the first week, watering once every three days
during the second week and once weekly for the third and fourth
weeks (Fig. 1B). Fully acclimatized plants were then transferred
to bigger pots (30 cm) containing the same potting mixture. The
plants were left to grow with watering once every ten days until
they completed one growth cycle (Fig. 1C). Watering was
terminated when the plants started to shed their leaves and
stopped producing new shoots to prevent sprouting of tubers;
sprouting was observed when lifted intact tubers were left on a
tray at room temperature (Fig. 1D). Once the above ground part
of the plants died, the tubers (Fig. 1E) were harvested from one-
year old greenhouse-grown plants, sliced and air-dried at room
temperature (24±2 °C). Tissue culture shoots (TC-S) and tissue
culture callus-like tissues (TC-CLT) were taken from main-
tenance cultures while sub-culturing. Sliced and air-dried
wild tubers (W-T) collected from the Tosca-Bray area (north
of Vryburg, South Africa) in May 1998, were provided by
Professor B-E van Wyk, University of Johannesburg. The dried
samples were prepared for phytochemical analysis by grinding
to fine powders.
2.2. Preparation of extracts
Wild tubers, tissue culture-derived greenhouse-grown
tubers, shoots of in vitro plantlets and in vitro basal callus-
like tissues were air-dried at room temperature (for a period
ranging from three weeks to a few months, depending on the
sample type) and ground into powder form. These were
extracted with 50% methanol (10 ml/g) for 20 min using a
sonication bath containing cold water and the extracts were used
for the quantification of total phenolic, iridoid and gallotannin
content. For the anti-inflammatory assay, the dried, ground
materials were extracted with 20 ml/g petroleum ether (PE),
dichloromethane (DCM) and 80% ethanol (EtOH) respectively,
using a sonication bath containing cold water for 1 h. The use of
different solvents of varying polarities helps in extracting
metabolites of different chemical nature. The extracts were
filtered using Whatman No.1 filter paper and concentrated in
vacuo at≤40 °C using a Rotary evaporator before drying with a
fan at room temperature. The yields (%) of these extracts are
presented in Table 1.
2.3. Total iridoid, phenolic and gallotannin quantification
The colorimetric method described by Levieille and Wilson
(2002) was used to quantify the total iridoid content of the plant
materials. In brief, 1.35 ml of vanillin-sulphuric acid reagent
(containing 82 ml methanol, 100 mg vanillin and 8 ml concen-
trated sulphuric acid) was added to three replicates of 150 μl of
each plant extract. For each extract, a blank was prepared by
adding 1.35 ml of blank reagent (containing 82 ml methanol
Fig. 1. Developmental stages of H. procumbens. (A) Rooted plantlets ready for acclimatization; (B) Acclimatized seedlings in the greenhouse; (C) Fully-grown plants
flowering in the greenhouse; (D) Tubers left on tray started sprouting; (E) Harvested tubers. Scale bar=1 cm.
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bance of the reaction mixtures was read at 538 nm using a UV–
visible spectrophotometer (Varian Cary 50, Australia). The
calibration curve was prepared using HPLC-grade harpagoside
(Extrasynthèse, France) and the iridoid content expressed in mg
harpagoside equivalents (HE) per g dry weight (DW).
The total phenolic content of the plant materials was
determined using the Folin–Ciocalteu (Folin C) method as
described by Makkar (2000). Gallic acid was used as a standard
for the preparation of a standard curve and the total phenolic
expressed in mg gallic acid equivalents (GAE) per g DW. Each
extract was assayed in three replicates.
The gallotannin content of the plant materials (in triplicate)
was quantified using the rhodanine assay as described by
Makkar (2000). The calibration curve was prepared using gallicTable 1
Percentage yield of different solvent extracts of wild (W-T) and tissue culture-
derived (TC-T) Harpagophytum procumbens tubers.
Extract Yield (% w/w)
W-T TC-T
PE 0.356 0.696
DCM 1.12 1.104
EtOH 52.748 67.096acid and the gallotannin content expressed in mg gallic acid
equivalents per g DW.
2.4. Anti-inflammatory activity
The dried extracts were evaluated for anti-inflammatory
activity at a final assay concentration of 0.25 μg/μl using
cyclooxygenase assays (COX-1 and COX-2) as described by
Jäger et al. (1996) and Eldeen and Van Staden (2008).
Cyclooxygenase enzymes are known to be involved in the
synthesis of prostaglandin during the inflammation process.
There were two solvent blanks in each run, and two back-
grounds in which the enzyme was inactivated with HCl before
adding [14C] arachidonic acid and kept on ice. Indomethacin
(5 μM and 200 μM for COX-1 and COX-2, respectively) was
used as a positive control. Each experiment was run in duplicate
and the experiments were repeated twice. Percentage inhibition
of prostaglandin synthesis by the extracts was calculated by
comparing the amount of radioactivity present in the sample to
that in the solvent blank.
2.5. Data analysis
Data were subjected to one-way analysis of variance
(ANOVA) using SPSS software (version 15.0). Where there
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Fig. 2. Phytochemical quantification of Harpagophytum procumbens extracts.
(A) Total iridoid content (mg HE/g dry weight); (B) total phenolic (mg GAE/g
dry weight); (C) gallotannin (mg GAE/g dry weight). TC-T=tissue culture-
derived tuber; W-T=wild tuber; TC-S= tissue cultured shoots; TC-CLT=tissue
culture callus-like tissue. Bars bearing the same letter in a graph are not
significantly different (P≤0.05) based on Duncan's Multiple Range Test
(DMRT).3. Results and discussion
3.1. Total iridoid, phenolic and gallotannin quantification
The biological activities such as anti-inflammatory, analge-
sic and antidiabetic properties of H. procumbens extracts have
all been attributed to the presence of iridoids (both free and
glycoside forms) found mainly in its tubers (Georgiev et al.,
2006; Levieille and Wilson, 2002; Ludwig-Müller et al., 2008).
Due to the increasing use of tuber extracts of this plant species,
their natural populations are being over-exploited. In 2002
alone, Stewart and Cole (2005) observed that 1018 tonnes of
dried tubers, which represented the harvest of millions of plants,
were exported from southern Africa. The alarming rate of
exploitation of this plant species has resulted in the urgent need
for its cultivation as an alternative to wild collection. However,
for the cultivated plants to really be a viable alternative to wild
collection, it should contain the active biological principles,
among others. Fig. 2 shows the total iridoid, phenolic and
gallotannin contents of the different plant materials evaluated.
The tissue culture-derived tubers had the highest total iridoid
content which was significantly higher than that of the tubers
from the wild and other tissue culture produced materials
evaluated. The total iridoid content of the tissue culture-derived
tubers was 44.6% higher than that of the wild tubers evaluated
in this study. This finding suggests that cultivated plants could
serve as a viable alternative source of active principle(s) and
thus can be used as a conservation measure to reduce the over-
exploitation of wild species. According to Ludwig-Müller et al.
(2008), previous investigations reported the failure of H.
procumbens callus cultures to produce harpagoside. These
authors suggested that harpagoside biosynthesis might be
associated with organogenesis. In the present study however,
the tissue culture callus-like tissue contained some iridoid
compounds, albeit at low levels when compared with the tubers.
The presence of iridoids in the callus-like tissue and tissue
cultured shoots could serve as a sustainable alternative source
for the iridoid metabolites. In line with the proposition by
Levieille and Wilson (2002), the current findings strongly
suggest that the site of iridoid biosynthesis in this plant is not
limited or confined to the tubers. It must be emphasized that the
site of storage of secondary metabolites is not necessarily the
same as the site of biosynthesis (Wink, 1999). It may be
judicious to determine these sites in the future.
To the best of our knowledge, this is the first study reporting
the production of higher amounts of iridoids in in vitro-derived
tubers compared to their wild counterparts. However, consid-
ering the fact that there could be natural variation in total iridoid
content among ecotypes of the same plant species, it could be
that the wild tubers used in this study belonged to an ecotype
with low iridoid content. It is possible that the age at which the
tubers were harvested, their size, season of collection as well as
storage period affected the results obtained. Further experimentsare underway to investigate the effect(s) of these factors, if any,
on secondary product production.
Phenolic compounds are known to possess many biological
activities. Many phenolics can serve as good anti-inflammatory
and antioxidant agents through covalent reaction with free
radicals, especially the reactive oxygen species (Polya, 2003).
The antimicrobial activity of gallotannin, a group of phenolics
has been reported (Engels et al., 2009; Tian et al., 2009). The
presence of phenolic compounds including gallotannin in the
tissue cultured materials is therefore of interest from a
pharmacological point of view. The total phenolic and
gallotannin contents of the wild tubers were significantly higher
than that of the tissue culture-derived tubers and other in vitro
produced plant materials.
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Fig. 3 shows the anti-inflammatory activity of PE, DCM and
EtOH extracts of the wild and tissue culture-derived tubers. In
general, extracts from wild tubers yielded better inhibitory
activities in both COX-1 and COX-2 assays when compared to
the tissue culture-derived tubers. All the PE and DCM extracts
showed moderate (50–70%) to good (N70%) inhibitory
activities whereas the EtOH extracts showed poor or no
inhibition in both assays. Huang et al. (2006) reported that
harpagoside suppressed the synthesis of COX-2 enzyme at both
the transcriptional and translational levels and showed weak
inhibition (b20%) of COX-2 enzyme at 200 μM concentration
but did not inhibit COX-1 enzyme activity. The inhibitory
activities of both COX enzymes exhibited by PE and DCM
extracts in the current study could be due to the presence of other
constituents in the extracts, likely of non-polar nature.
The possibility that other active compounds different from
harpagoside play a crucial role in the anti-inflammatory mech-
anism of Harpagophytum extracts has also been suggested by
others. Kaszkin et al. (2004), for example, observed that
constituents other than harpagoside are responsible for the
attenuation of NF-κB translocation to the nucleus, a crucial
mode of action of Harpagophytum extracts. Romiti et al. (2009)
reported that while commercial preparations of H. procumbensPlant extract
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Fig. 3. Inhibitory activity of cyclooxygenase enzymes by Harpagophytum
procumbens tuber extracts. (A) COX-1 (B) COX-2. Percentage inhibition by
indomethacin of COX-1 was 62.6±2.67; COX-2 was 63.2±8.56. Bars bearing
the same letter in a graph are not significantly different (P≤0.05) based on
Duncan's Multiple Range Test (DMRT).extracts inhibited the activity of the drug efflux transporter
P-glycoprotein, pure harpagoside was almost ineffective.
Occhiuto et al. (1985) concluded that the action of
H. procumbens extracts is due to a complex interaction between
their various active compounds. It may thus be necessary to
identify such other constituents and evaluate their role(s) including
the nature of their interactionswith harpagoside, if any, in the anti-
inflammatory mechanism of action of Harpagophytum extract.4. Conclusions
Our investigation confirmed the ability of cultivated Devil's
Claw plants to produce tubers containing significant amounts of
iridoids. The presence of iridoids in the tissue cultured shoots
and tissue culture callus-like tissue, albeit in lower concentra-
tion, is another avenue that can be explored for large scale
production of the active constituents and as a conservation
measure for wild populations. While boding well for secondary
product production, we acknowledge the need for more applied
research involving field trials coupled with qualitative profiling
of the generous amounts of iridoids present in cultivated tubers.
It is also important to ascertain if there is variation in iridoid
content among different ecotypes of the same species. Aligned
with this, domestication of this plant as a small scale farming
crop to boost the income of plant gatherers and reduce the
pressure on wild populations should receive high priority. The
idea of growing Devil's Claw outside its natural habitat in a
more favorable agricultural environment is an exciting yet
daunting prospect.Acknowledgements
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